LASER IRRADIATION METHOD, METHOD FOR MANUFACTURING 
SEMICONDUCTOR DEVICE, AND LASER IRRADIATION SYSTEM 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a laser irradiation method, a method for 
manufacturing a semiconductor device, which uses the laser irradiation method, and a 
laser irradiating system, and particularly to a technique that can be utilized in processing 
a thin film such as a semiconductor film. 

2. Description of the Related Art 

In recent years, the technique for forming a thin film transistor (hereinafter 
referred to as TFT) over a substrate has made great progress and the application to an 
active matrix type semiconductor device has been developed. Especially, a TFT with a 
polycrystalline semiconductor film is superior in field-effect mobility (also called 
mobility) to a TFT with a conventional amorphous semiconductor film, and thereby a 
high-speed operation is possible. Therefore, it has been tried to control a pixel by a 
driver circuit formed on the same substrate as the pixel, which was controlled 
conventionally by a driver circuit provided outside the substrate. 

By the way, a substrate used for a semiconductor device is expected to be a 
glass substrate rather than a single-crystal silicon substrate in terms of costs. However, 
a glass substrate is inferior in heat resistance and easy to change in shape due to heat. 
Therefore, in the case of forming a polysilicon TFT over a glass substrate, laser 
annealing is used for crystallizing a semiconductor film in order to prevent the glass 
substrate from changing in shape due to heat. 

There are, as characteristics of laser annealing, that processing time can be 
drastically shortened compared with another annealing that utilizes radiation heating or 
conduction heating and that a semiconductor substrate or a semiconductor film is heated 
selectively and locally to hardly damage the substrate thermally. 

It is noted that the laser annealing described here includes the technique for 
recrystallizing a damaged layer or an amorphous layer formed over a semiconductor 
substrate or in a semiconductor film, and the technique for crystallizing an amorphous 
semiconductor film formed over a substrate. Moreover, the technique for planarizing 
or modifying a surface of a semiconductor substrate or a semiconductor film is also 
included. 
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According to how to oscillate, laser oscillators used for laser annealing are 
classified broadly into two types, a pulsed laser oscillator and a continuous wave (CW) 
laser oscillator. In recent years, it has been known that in crystallization of a 
semiconductor film, a grain size of a crystal formed in the semiconductor film is larger 
in the case of using a CW laser oscillator than using a pulsed laser oscillator. When 
the grain size in the semiconductor film becomes larger, the number of grain boundaries 
included in a channel region in a TFT formed with the semiconductor film decreases to 
obtain a higher mobility. As a result, the TFT can be applied to a high-performance 
device. Accordingly, the CW laser oscillator is beginning to attract attention. 

Moreover, in performing laser annealing to semiconductor or a semiconductor 
film, the following method is known: a laser beam emitted from a laser oscillator is 
shaped into a linear or elliptical beam spot with an aspect ratio of 10 or more (since an 
ellipse with an aspect ratio of 10 or more looks like a line, the elliptical is called the 
linear in the specification) through an optical system and the beam spot is scanned to a 
surface to be irradiated (an irradiated surface). The method enables irradiating the 
laser beam effectively to a substrate to increase mass-production ability. Therefore, 
the method is preferably employed for industrial purposes (Japanese Patent Laid-Open 
Hei8-195357, for example). 

In order to effectively perform laser annealing to a semiconductor film formed 
over a substrate, the following method is employed: a laser beam emitted from a CW 
laser oscillator is shaped through an optical system to have a linear beam spot at an 
irradiated surface, which is irradiated to the semiconductor film. Moreover, a scanning 
stage that has the substrate set is often moved in the direction of a minor axis of the 
linear beam spot to perform laser annealing to the semiconductor film. The size of the 
beam spot formed from the CW laser beam is extremely small, and even though green 
laser that outputs 10 W, which is almost the highest output among the laser oscillators 
that output wavelengths absorbed in the semiconductor film, is employed, the beam spot 
becomes an oblong with a size as small as 500 \im x 20 \im. By moving the beam spot 
back and forth and side to side over a surface to be irradiated, laser annealing is 
performed to a necessary region of the surface to be irradiated. 

In this case, since the heavy scanning stage moves at a high speed (between 
100 mm/s and 2000 mm/s approximately), vibration is caused due to the movement of 
the scanning stage. When the vibration transmits to a vibration isolator where an 
optical system that forms a beam spot and a system are mounted, a laser irradiation 
track formed on the substrate, which is not linear any more, is undulating in a reflection 
of the vibration. When the laser irradiation track is undulated, there are formed some 



2 



portions where the overlapping ratio is extremely high, and some portions where the 
laser beam is not irradiated at all between the adjacent laser irradiation tracks formed 
according to the back-and forth motion of the scanning stage. Since a TFT is formed 
over the substrate in an orderly arrangement, a TFT formed in the above-mentioned 
portions is inferior in electrical characteristics, which also causes fluctuation in 
electrical characteristics. It is a first object of the present invention to suppress the 
undulation of the irradiation tracks due to such vibration. 

In addition, FIG 1 shows an irradiation track of a beam spot 111 on a 
semiconductor film. In the irradiation track of the beam spot 111, states of crystals, 
which can be broadly classified into two types, are formed. In regions A and C, a state 
similar to crystals formed in the case of performing laser crystallization with pulsed 
excimer laser is formed. On the other hand, in region B, another state of crystals, in 
which grain size are larger than those in the case of the crystallization with the pulsed 
excimer laser, (hereinafter, this state is called a large grain size) is formed. 

When the grain size in the semiconductor film becomes large, the number of 
grain boundaries in a channel region of a TFT formed with the semiconductor film 
decreases to obtain a higher mobility. On the contrary, the mobility of a TFT in the 
region where the state similar to the crystals formed in the case of performing laser 
crystallization with excimer laser is formed, is much inferior to the mobility of a TFT in 
the region of the large grain size. That is to say, a big difference is caused between 
electrical characteristics of a TFT formed in the region of the large grain size and a TFT 
in the region where the state similar to the crystals formed in the case of performing 
laser crystallization with excimer laser is formed. The difference causes fluctuation in 
electrical characteristics in the substrate. It is a second object of the present invention 
to minimize, as much as possible, the region where the state similar to the crystals 
formed in the case of performing laser crystallization with excimer laser is formed, 
which is formed in the semiconductor film. 

SUMMARY OF THE INVENTION 
The present invention makes it possible to remove a portion of a laser beam, 
which forms a state similar to crystals formed in the case of performing laser 
crystallization with excimer laser, and form only a region of a large grain size in a 
semiconductor film by providing a film including a material through which the laser 
beam is not transmitted (hereinafter, referred to as a light-shielding film) over the 
semiconductor film that is a surface to be irradiated (an irradiated surface). Moreover, 
the present invention provides a laser irradiation method that enables rectilinear laser 
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irradiation, a method for manufacturing a semiconductor device, which uses the laser 
irradiation method, and a laser irradiation system. 

FIGs. 2A and 2B are drawings explaining a summary of the present invention. 
Alight-shielding film 122 is provided over a semiconductor film 123 that is a surface to 
be irradiated. When the light-shielding film 122 is provided, a portion of the incident 
beam 121, which has a low energy density, that is to say, a portion that forms a state 
similar to crystals formed in the case of performing laser crystallization with excimer 
laser in irradiating to the semiconductor film, is shielded compellingly. As described 
above, providing the light-shielding film 122 makes it possible to enlarge a grain size in 
the semiconductor film without forming the state similar to the crystals formed in the 
case of performing laser crystallization with excimer laser. It is preferable that the 
light-shielding film 122 is as thin as possible in order to minimize an effect of 
diffraction. 

The vibration of the optical system due to the vibration caused by the 
movement of the scanning stage brings about vibration of the beam spot and undulation 
of the laser irradiation track. When a width of an opening of the light-shielding film in 
the direction perpendicular to a scanning direction of the laser beam is made smaller 
than a width of the beam spot in the direction perpendicular to the scanning direction, 
the laser irradiation track can be made rectilinear. Moreover, when the width of the 
light-shielding film is controlled to make the energy density of the laser beam on the 
semiconductor film, which goes through the opening, exceed the value at which a large 
grain size is formed, a polycrystalline silicon with an enlarged grain size can be formed 
in any region. 

That is to say, the present invention provides a laser irradiation method for 
irradiating a beam spot to an object to be irradiated, which comprises the steps of 
shaping a laser beam emitted from a laser oscillator to become the beam spot, which is 
linear or elliptical, on a surface to be irradiated when a surface of the object to be 
irradiated set over a scanning stage is the surface to be irradiated and scanning the 
scanning stage relatively in the direction of a minor axis of the beam spot while 
irradiating the beam spot, and the beam spot is irradiated while positions of the object to 
be irradiated and the beam spot are controlled to shield a portion of the beam spot, 
which has a lower energy density than the center of the beam spot, with a light-shielding 
film provided over the object to be irradiated. 

Here, the light-shielding film includes a film such as a metal film, and it is 
preferable that a distance between a surface of the light-shielding film and the surface of 
the object to be irradiated is not more than 10 ^m, more preferably not more than 1 jxm. 
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In addition, it is preferable to use a continuous wave solid laser, and it is possible to use 
a kind selected from the group consisting of a YAG laser, a YVO4 laser, a YLF laser, a 
Yal0 3 laser, a Y2O3 laser, an alexandrite laser, a Ti: Sapphire laser, an Ar laser, a Kr 
laser, and a C0 2 laser. It is noted that a pulse oscillation laser may be used. 

The present invention provides a method for manufacturing a semiconductor 
device, comprising the steps of forming a non single-crystal semiconductor film over a 
substrate, forming a light-shielding film that has an opening over the non single-crystal 
semiconductor film preferably after forming an anti-contamination film on the 
non-single crystal semiconductor film, shaping a laser beam emitted from a laser 
oscillator to become a linear or elliptical beam spot on a surface to be irradiated when a 
surface of the non-single crystal semiconductor film is the surface to be irradiated, and 
performing laser annealing to the non-single crystal semiconductor film while an 
irradiated position (a position to be irradiated) of the beam spot is moved, wherein the 
laser annealing to the non-single crystal semiconductor film is performed to shield a 
portion of the beam spot, which has a lower energy density than the center of the beam 
spot, with the light-shielding film. 

Here, the light-shielding film includes a film such as a metal film and the 
anti-contamination film includes a film such as a silicon oxide film, and it is preferable 
that a distance between a surface of the light-shielding film and the surface of the non 
single-crystal semiconductor film is not more than 10 \im, more preferably not more 
than 1 fxm. In addition, it is preferable to use a continuous wave solid laser, and it is 
possible to use a kind selected from the group consisting of a YAG laser, a YVO4 laser, 
a YLF laser, a Yal0 3 laser, a Y 2 0 3 laser, an alexandrite laser, a Ti: Sapphire laser, an Ar 
laser, a Kr laser, and a C0 2 laser. It is noted that a pulse oscillation laser may be used. 

Instead of the metal film, a film for promoting reflection may be used as the 
light-shielding film. The film for promoting reflection is a film that has properties 
such as a material and a thickness that are optimized in accordance with a wavelength of 
the laser beam so as to reinforce the intensity of reflected light. For example, it is 
possible to use, as the light-shielding film, a laminate formed of an amorphous silicon 
film with a thickness of 54 nm, a silicon oxynitride film with a thickness of 88 nm, and 
a silicon nitride film with a thickness of 64.3 nm. It is noted that the film for 
promoting reflection may have a single layer structure or a laminated structure. In 
addition, it is preferable to employ an insulating film as the film for promoting 
reflection. The insulating film is unlikely to be spattered compared to the metal film, 
and moreover, it is not necessary to provide the anti-contamination film since the 
semiconductor film is not contaminated by the metal. 
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The present invention provides a laser irradiation system comprising a laser 
oscillator, an optical system shaping a laser beam emitted from the laser oscillator to 
become a linear or elliptical beam spot on a surface to be irradiated, and a means for 
shielding a portion of the beam spot with a light-shielding film formed over the surface 
to be irradiated and for adjusting an irradiated position (a position to be irradiated) to 
irradiate the other portion of the beam spot to the surface to be irradiated. 

It is preferable to use a continuous wave solid laser oscillator, and it is possible 
to use a kind selected from the group consisting of a YAG laser, a YVO4 laser, a YLF 
laser, a YalC>3 laser, a Y2O3 laser, an alexandrite laser, a Ti: Sapphire laser, an Ar laser, a 
Kr laser, and a CO2 laser. It is noted that a pulse oscillation laser may be used. 

With the present invention above, laser annealing can be performed to form a 
large grain size in any region of a semiconductor film effectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

FIG 1 is a drawing showing a state of crystals with laser annealing performed; 

FIGs. 2Aand 2B are drawings explaining means of the present invention; 

FIG 3 is a drawing showing an example of a laser irradiation system according 
to the present invention; 

FIGs. 4A to 4C are drawings showing light intensity of an diffraction image 
with a light-shielding film; 

FIGs. 5 A and 5B are drawings showing an example using an 
anti-contamination film; 

FIG 6 is a drawing showing an example of an optical system included in a laser 
irradiation system; 

FIG 7 is a drawing showing an example of a laser irradiation system according 
to the present invention; 

FIGs. 8A and 8B are drawings showing an example of a laser irradiation 
method according to the present invention; 

FIG 9 is a drawing for explaining a relation between a laser output and a width 
of a large grain size; and 

FIG 10 is a drawing explaining an example of performing laser annealing to a 
large-sized substrate. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[Embodiment Mode 1] 
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Hereinafter, a structure of a laser irradiation system according to the present 
invention will be explained with reference to FIG 3. 

The laser irradiation apparatus according to the present invention has a laser 
oscillator 131 that emits a laser beam. Although FIG. 3 shows an example in which 
only one laser oscillator 131 is provided, there is no limitation of the number of laser 
oscillators included in a laser irradiation system according to the present invention. A 
plurality of beam spots of laser beams respectively output from laser oscillators may be 
overlapped each other to form one beam spot. 

A laser oscillator can be selected appropriately according to a purpose of 
processing. A known laser oscillator can be used in the present invention. As the 
laser oscillator, a continuous wave gas laser or a continuous wave solid laser can be 
used. As the gas laser, there are an Ar laser, a Kr laser, and a CO2 laser, for example. 
As the solid laser, there are a YAG laser, a YVO4 laser, a YLF laser, a Yal0 3 laser, a 
Y2O3 laser, an alexandrite laser, and a Ti: Sapphire laser, for example. It is possible to 
obtain higher harmonics to the fundamental wave through a non-linear optical element. 
In addition, an element such as Nd, Cr, Yb, or Er is used as a dopant to the laser 
medium. 

Moreover, it is also possible to a green laser beam converted from an infrared 
laser beam emitted from a solid laser through a non-linear optical element and to use an 
ultraviolet laser beam converted through another non-linear optical element. 

Next, an explanation will be given on a substrate 133 in which a semiconductor 
film to be subjected to laser annealing with the laser irradiation system is formed. 
After forming the semiconductor film over the substrate, a film including a material 
through which the laser beam is not transmitted (a light-shielding film 134) is formed in 
a region of the substrate, in which no TFT is formed. For example, metal such as 
aluminum that reflects a laser beam may be used as the light-shielding film. In the 
case of using a film including the metal, an oxidized film may be formed on the metal 
film in order to prevent a surface of the metal film from being oxidized due to laser 
irradiation. In addition, when the metal film is used as the light-shielding film and 
there is the possibility of metal contamination of the semiconductor film, a film for 
preventing invasion of the metal (hereinafter, referred to as anti-contamination film in 
the specification) may be provided between the semiconductor film and the 
light-shielding film. As the anti-contamination film, an oxidized film such as Si02 
may be used. FIGs. 5A and 5B each show an example in which the anti-contamination 
film is formed between the semiconductor film and the light-shielding film. The laser 
beam may be irradiated while the anti-contamination film is formed on the 
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semiconductor film. 

In the case where the whole of a linear beam spot formed through an optical 
system 132 is incident into the semiconductor film, it is preferable that the 
light-shielding film 134 has a shape to cut off a portion of the laser beam, which forms a 
state similar to crystals formed in the case of performing laser crystallization with 
excimer laser. When a width of the laser beam irradiated the semiconductor film is 
narrowed by amplitude of undulation of a laser irradiation track formed on the 
semiconductor film, an effect of vibration can be removed. 

Next, an effect of diffraction of the laser beam will be considered. FIG 9 
shows results of the experiment in which energy of a laser beam varies while a width of 
the beam is kept constant. When a peak of the energy of the laser beam is too low, no 
crystals can be formed, and a bad result such as a spattered film is caused in the case of 
being too high. In other words, it is necessary to perform crystallization with a laser 
beam with the energy that makes crystallization possible and causes no spattered film. 
The laser oscillator used this time outputs energy from 3.6 W to 6.6 W, and the average 
is 5.1 W. Accordingly, when the average intensity of the laser beam is assumed to be 1, 
the semiconductor film is crystallized to have a large grain size with a laser beam that 
has intensity from 0.7 to 1.3. Therefore, when intensity of diffracted light takes a 
value from 0.7 to 1.3 compared with the average intensity, a semiconductor film with 
uniform crystallinity can be obtained. 

FIGs. 4B and 4C show results of computing light intensity of diffracted light on 
a semiconductor film in the case of assuming the distance between surfaces of a 
light-shielding film and a semiconductor film to be 1 \xm and 10 \im respectively. 
When the distance is assumed to be 1 jxm, it is possible to narrow a region in which 
crystallinity is not uniform within 1 |jim from an edge of the light-shielding film. In 
addition, when the distance is assumed to be 10 Jim, it is possible to narrow a region in 
which crystallinity is not uniform within 3 jxm from the edge of the light-shielding film. 

A laser beam emitted from the laser oscillator 131 is incident into an optical 
system 132 for shaping a linear beam spot on the substrate 133. It is noted that the 
shape of a laser beam emitted from a laser oscillator depends on the kind of the laser 
oscillator. In the case of a YAG laser, for example, a laser oscillator with a cylindrical 
rod emits a circular laser beam and a laser oscillator with a slab rod emits a rectangular 
laser beam. Since a rectangular laser beam emitted from the slab-type laser has a 
difference between divergence angles in the direction of a longer side and in the 
direction of a shorter side, the shape of the laser beam largely changes in accordance 
with a distance from an exit of the laser oscillator. When the shape of the laser beam is 
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changed through an optical system, a linear or elliptical laser beam with a desired size 
can be obtained. 

In addition, in the case of using a plurality of laser oscillators, laser beams 
output from respective laser oscillators may be overlapped to form one beam spot. 

The beam spot shaped through the optical system 132 is irradiated to the 
substrate over which the semiconductor film and the light-shielding film 134 are formed. 
When laser irradiation is performed as describe above, it is possible to perform laser 
annealing in order to enlarge a grain size in any region. The light shielding film 134 
may be removed by etching after laser annealing. 

An example of an optical system for forming elliptical beam spot will be 
explained with reference to FIG6. An optical axis is set with a mirror 162 to make a 
semiconductor film 161 have an incident angle 20°. A laser beam 163 is made incident 
into a spherical lens 164 with a focal length of 20 mm, which is arranged in the position 
of 20mm from the semiconductor film 161. With the arrangement above, an elliptical 
beam spot with a size of 500 \xm x 20 fxm can be formed on the semiconductor film. It 
is noted that BK7 is used as a material of the spherical lens 164 in accordance with a 
wavelength of the laser beam to be used. 

As described above, laser annealing performed with the use of the laser 
irradiation system according to the present invention can provide a TFT with reduced 
fluctuation in electrical characteristics and with a high mobility. 

Hereinafter, a method for manufacturing a semiconductor device with the use 
of the laser irradiation system according to the present invention will be explained. 
First, a glass substrate (corning 1737) with a size of 127mm x 127mm x 0.7 mm is 
prepared. The substrate has enough resistance against a temperature up to 600 °C. 
Next, a silicon oxide film is formed on the substrate to have a thickness of 200 nm as a 
base film. Then, an amorphous silicon film is formed thereon to have a thickness of 
55 nm. The silicon oxide film and the amorphous silicon film are both formed with 
sputtering, or alternatively, may be formed with plasma CVD. 

The substrate on which the silicon oxide film and the amorphous silicon film 
fare formed is placed in a nitrogen atmosphere at a temperature of 450 °C, which is a 
process for reducing the concentration of hydrogen included in the amorphous silicon 
film. When the amorphous silicon film has an extremely large amount of hydrogen, it 
is not possible to resist energy of a laser beam, and thereby the process is necessary. It 
is appropriate that the concentration of hydrogen in the amorphous silicon film is not 
more than 10 20 /cm 3 . Here, "10 20 /cm 3,, means that 10 20 hydrogen atoms exist per 1 cm 3 . 

In the embodiment mode, an LD excitation YVO4 laser manufactured by 
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Coherent, Inc. is used as the laser oscillator. The YVO4 laser emits a continuous wave 
laser beam with a wavelength of 532 nm, and outputs up to 10 W. 

The laser beam is irradiated, for example, while scanning the stage that has the 
substrate 133 put thereon, shown in FIG 3, in the direction of a minor axis of a linear or 
elliptical beam spot. An energy density of the beam spot on the surface to be 
irradiated and the scanning speed may be determined appropriately. 

Thus, the laser annealing process is completed. When the process above is 
repeated, a lot of substrates can be processed. With the use of the substrate above, an 
active matrix liquid crystal display can be manufactured according to a known method. 

In the example above, the amorphous silicon film is used as a non-single 
crystal semiconductor film. However, it is obvious that the present invention can be 
applied to another non-single crystal semiconductor. For example, a compound 
semiconductor film that has an amorphous structure such as an amorphous 
silicon-germanium film can be used as the non-single crystal semiconductor film. 
Alternatively, a polycrystalline silicon film can be used as the non-single crystal 
semiconductor film. 

[Embodiment Mode 2] 

With reference to FIG 7, an explanation will be given on a method for 
shielding a portion of a beam spot with a light-shielding film formed on a surface to be 
irradiated and adjusting an irradiated position to irradiate the other portion of the beam 
spot to the surface to be irradiated. 

Before setting a substrate 174 over which a semiconductor film is formed on a 
scanning stage, a marker 176 is formed by etching at each of both edges of a light 
shielding film 175 formed on the semiconductor film. It is effective to form the 
marker 176 at the same time as patterning of the light-shielding film 175. Thus, the 
positional relation between the marker 176 and the light-shielding film 175 is 
determined. 

After setting the substrate where the marker 176 is formed on the scanning 
stage, an image of the marker 176 is imported in, for example, a computer with a CCD 
camera 177, and thus a coordinate of the position of the marker 176 is determined. 
The markers are formed in the two places for determining the scanning direction of the 
scanning stage. The marker 176 may be formed on the substrate or the semiconductor 
film directly as long as the CCD camera 177 can recognize an image of the marker 176. 

It becomes possible to irradiate a laser beam to any region when any position 
of the substrate is recognized with the relative coordinates from the marker 176. 
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Accordingly, laser annealing can be performed to the semiconductor film in accordance 
with the patterned shape of the light-shielding film 175. 

[Embodiment 1] 

In the present embodiment mode, an example will be described with reference 
to FIGs. 8A and 8B, in which several long beams obtained by processing a second 
harmonic are combined to form a longer beam and a fundamental wave is used to aid 
energy. 

First, four laser oscillators (not shown in FIGs. 8A and 8B) that output 10 W 
with LD excitation (Nd:YV04 laser, second harmonic: 532 nm) respectively are 
prepared. Each of the laser oscillators uses an oscillation mode of TEMoo and has a 
LBO crystal incorporated in a resonator to perform conversion into second harmonic. 
The respective laser beams have a beam diameter of 2.25 mm and a divergence angle on 
the order of 0.3 mrad. Several reflecting mirrors are used in order to convert traveling 
directions of the laser beams respectively to have an angle (3 to the vertical direction, 
and the laser beams with the converted traveling directions are made to go to an 
irradiated surface from four directions respectively in order to be combined into nearly 
one at the irradiated surface. The four directions are corresponded to optical axes A, B, 
C, and D respectively. The optical axes A and B (also the optical axes C and D) are 
positioned with plane symmetry to plane A that is vertical to the irradiated surface 403, 
and an angle made by the optical axes A and B (also an angle made by the optical axes 
C and D) is set at 20°. In addition, the optical axes A and C (also the optical axes B 
and D) are positioned with plane symmetry to plane B that is vertical to the plane A and 
the irradiated surface 403, and an angle made by plane C including the optical axes A 
and B and plane D including the optical axes C and D) is set at 50°. 

Then, planoconvex cylindrical lenses 181a, 181b, 181c, and 181d that have a 
focal length of 150 mm are arranged in order that the optical axes A to D are made to go 
with an angle of 0°. On this occasion, condensing directions of the planoconvex 
cylindrical lenses are directions included in the plane C or plane D. A distance 
between the irradiated surface and each of the planoconvex cylindrical lenses 181a to 
181d is adjusted between 110 to 120 mm measured along the optical axis. 

Further, planoconvex cylindrical lenses 182a and 182b that have a focal length 
of 20 mm are arranged in order that generating lines thereof are included in the planes C 
and D respectively. The generating line described here is defined as a generating line 
located at a curved portion of the cylindrical lens, which is most apart from a plane 
portion of the cylindrical lens. The plane portion of the planoconvex cylindrical lens 
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182a and the plane C are orthogonalized each other while the plane portion of the 
planoconvex cylindrical lens 182b and the plane D are orthogonalized to each other. A 
distance between the irradiated surface and each of the planoconvex cylindrical lenses 
182a and 182b is adjusted on the order of 18 mm measured along the optical axis. 

With the arrangement described above, four long beams with a size of a major 
axis on the order of 400 jim and a minor axis on the order of 20 (im are formed at the 
irradiated surface. In this case, the four long beams are combined into one perfectly at 
the irradiated surface without forming a longer beam. However, when the positions of 
the respective lenses are fine adjusted, the arrangement of the four long beams is 
converted as shown in FIG 8B. In other words, the major axes of the four long beams 
185a to 185d are arranged in alignment and shifted each other in the direction of the 
major axes to form a longer beam. In this way, a long crystal grain region with a width 
of 1.5 mm can be obtained. 

Then, CW-YAG laser (fundamental wave) that outputs 10W with LD excitation 
is used to form an oblong beam 185e with a size of 1 mm x 5 mm at the irradiated 
surface with an optical system 184. On this occasion, the oblong beam 1855e is 
formed to cover the four long beams. As the optical system 184, the planoconvex lens 
164 shown in FIG 6, for example, may be used and the laser beam may be made to go 
into the planoconvex lens obliquely at an angle thereto to form the oblong beam 185e. 
Alternatively, two orthogonal cylindrical lenses may be used to convert a round beam 
into the oblong beam. What is important here is that the fundamental wave must not 
be returned to the laser oscillator at all. Since the fundamental wave is reflected 
somewhat at a surface of a semiconductor film, only what is forbidden is that laser 
beam is made to go to the irradiated surface 403 vertically thereto. 

Thus formed longer beam of the four long beams and the oblong beam 185e 
may be used to perform laser irradiation to a semiconductor film 183 with a 
light-shielding film 186 formed thereon, for example, with the X-axis stage 135 and the 
Y-axis stage 136 shown in Embodiment Mode 1. The semiconductor film may be 
manufactured, for example, in accordance with the method described in Embodiment 
Mode 1. There are advantages due to the present embodiment mode that the longer 
beam makes processing time shorter and the long beams with Gaussian-like energy 
distribution are overlapped with each other contiguously to uniform energy distribution 
in the direction of the major axis, which is preferable since it is possible to suppress the 
irregularity in temperature relatively. 

Although the second harmonic is used in the present embodiment mode, other 
higher harmonics can be used in addition to the second harmonic. For example, the 
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third harmonic has an advantage of a higher absorption coefficient with respect to a 
semiconductor film than the second harmonic. 

[Embodiment 2] 

In the present embodiment, an explanation will be given on an example where 
laser annealing is performed to a large-sized glass substrate according to the present 
invention with reference to FIG 10. 

First, a large-sized glass substrate 706 is prepared. An amorphous 
semiconductor film 705 is formed over the glass substrate 706 with a known method 
(such as sputtering, LPCVD, or plasma CVD), and then laser annealing is performed to 
the semiconductor film that is a surface to be irradiated. Alternatively, before laser 
annealing, a metal element may be added in the semiconductor film and heat treatment 
may be performed to crystallize the semiconductor film. 

As a laser oscillator 701, a CW YAG laser or YV0 4 laser that outputs second 
harmonic is used. As shown in FIG 10, ten laser oscillators of the same kind are used 
to perform laser annealing the semiconductor film 705. Since all of laser irradiation 
systems used the same laser oscillator and the same optical system in FIG 10, a 
reference number is not given to the all, and one laser irradiation system is taken for the 
explanation. 

Moreover, the reason why a position where a laser beam starts to be irradiated 
is back and forth displaced one by one, as shown in FIG 10 will be explained as follows. 
The distance between the center of a rectangular laser beam and the center of the next 
rectangular laser beam is as short as 60 mm on the surface to be irradiated, and it is a bit 
difficult to arrange a condenser lens 704 with the distance kept. Even though the 
arrangement of the condenser lens 704 is possible, it is predicted that such a narrow 
space is not enough to adjust the optical system. Therefore, it is effective to displace 
the irradiated position of the laser beam back and forth one by one as shown in FIG 10. 
With the arrangement, the adjacent optical systems never have any contact each other, 
and it becomes easy to arrange and adjust the optical systems. However, since the 
position where the laser beam starts to be irradiated is displaced back and forth, it is 
necessary to extend a scanning distance of the substrate 706 slightly in order to 
crystallize a whole area of the amorphous semiconductor film 705. 

The laser beam emitted from the laser oscillator 701 is shaped into a 
rectangular laser beam with an uniform energy distribution through diffractive optics 
702, the laser beam is reflected by a mirror 703 and condensed with the condenser lens 
704 to be incident vertically to the amorphous semiconductor film 705. In the same 
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way, also in the other laser irradiation systems irradiate, laser beams with an uniform 
energy distribution are formed to be incident vertically to the amorphous semiconductor 
film 705. 

As stages for moving the substrate 706, an X-axis stage 707 and a Y-axis stage 
708 are used. Since the substrate 706 has a large size, the X-axis stage 707 has two 
operating axes in order to move the substrate more stably. After scanning the 
amorphous semiconductor film 705 in a straight line in a P direction with the X-axis 
stage 707, the Y-axis stage 708 is slid by a length in the direction of a width of a large 
grain size region (a region with a large grain size), and then the X-axis stage 707 is 
again scanned in a Q direction, to perform laser irradiation. When the series of 
operations are repeated, it is possible to make the whole area of the amorphous 
semiconductor film 705 a large grain size region. 

Although the X-axis stage 707 and the Y-axis stage 708 are as moving stages 
for moving the substrate 706 in the present embodiment, a linear motor system may be 
employed as the drive system. Since a linear motor stage is driven by electromagnet 
unlike the stage driven by a ball screw, friction is not caused. Therefore, the use of a 
material such as grease is not necessary to cause no pollution by vaporized grease, and 
the linear motor stage is appropriate for using in the clean room. 

Although ten systems of laser irradiation systems are used to perform laser 
annealing in the present embodiment, even a half of ten, that is, five laser irradiation 
systems, or twice as many as ten, that is, twenty laser irradiation systems, can be also 
used to perform laser annealing according to the present invention. Thus, the 
amorphous semiconductor film formed over the large-sized substrate can be crystallized 
to have a large grain size. When the present invention is applied to mass production of 
a low-temperature polysilicon TFT, it is possible to produce a TFT with high operating 
characteristics and reduced fluctuation in characteristics effectively. 

Providing that a light-shielding film according to the present invention is used, 
it becomes possible to perform laser annealing to enlarge a grain size in a 
semiconductor film without forming a region where a state similar to crystals formed in 
the case of performing laser crystallization with excimer laser is formed. In addition, a 
light-shielding film can eliminate undulation of a laser irradiation track caused by 
vibration due to moving of a scanning stage. The present invention can enhance 
uniformity in crystallinity of the semiconductor film. When the present invention is 
applied to mass production of a low-temperature polysilicon TFT, it is possible to 
manufacture effectively a TFT with high operating characteristics and reduced 
fluctuation in the characteristics. 
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